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THE PROBLEM OF BLOOD SUBSTITUTES QA CRITICAL REVIEW)
Vestnix Khirurgii imeni 1, 71, Grekova, Prof A, N. Filatcv, Corresponding
Vol 76, No 10 Member
Academy of Medical Sclences USSR

Moscow-Leningrud, Nov 55

review describes in cons
in this
omitteq
(non-USSR) ref-
]

lately a new type of medicinal solution has oeen introduced on an extensive
scale into ¢linical Practice. Soluticns of this tyne are asually referred to as
’blood~substitute solutions o blood expanders , More than 1,000 sclentifio DPapers
have been published which deal with vlaog substitutes and their application. This
indicates that the broblem of blood Bubstitutes pag acquired a great importanee
at the present time.

In the reviey vhich £ollgyg we shall coneider the bagic literatyre deuling
the probley ol blood-subatitute solutians, using data or
ried out by sclentific workexr
Transtusion [L1py], :
in the ysgg
this subject,
Russian,
din,

BOvskiy are purticularly valuable .,
re glven on Dlasma Bubstituteg which

Terminolox
=== loloay

In regarg to the tcrminology 88 applieq to therapeutic Solutiong of thig
type, many differencag of opinion exist,

They are mogt frequently called blo, tions (v, y, Shamov,
AW, Filatev), blgag Substitutes (4, 4. +90&-replacing solutions
P. L, Seyt » plasma gun 2}, lasma-replacing or
ons (I. R, p . yev), fillerg (or expanders ..
titute megiq ~Finkel!),
nd I, F, Leont’yev) call thege 8olutig;
rather than "2Bmestita] " or "zamenitel'"].

the majority orf
fulfill one
In
ds, the S5olutions ought to counte ftereffects of
blood logses, Other investigatory (v. n. Shamov, A. D, Selyakov,
Abert, , Bowman, ang Eichholtz) of the opinjon tions, as far
as their theraveutsc Getion 1g concerned, must make blood transfusiong unneceg-
these trensfusigng being carried out net only after bleog losses but algo
in a number of other conditions ang diseases,
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In our opinion, the problem of terminology is of no basic significance. -
Hovever, it is quite lmportant that agreement should exist on the purpose for N
which blood-substitute solutions are used. We believe that these solutions i
should be used in practical medicine not only to combat the consequences of N
blood losses, but algo to fulfill & number of other therapeutic functions (eon- { k
trol of shock, dehydration, intoxication, and other conditions). For that rea- 'y
son it would be more accurate to call blood substitutes ail solutions which are R .
administered rarenterally for a therapeutic purpose in large doses, 1. e., doses ? )
exceeding 200 milliliters, '

Requirements Which Must be Fulfilled by Blood Subetitute Solutions %:

In many scientific investigations great attention is pPaid to the requirea

Lents which must be satisfieg by blood substitutes (A. A. Bagdasarov and V., I.
Kazanskiy, N. G. Kertashevskiy, P. L, Sel'tsovekiy, N, A. Fedorov, I, R, Petrov,
Gropper, Maycock, G111, and Hartman). It is considered that the basic require-
ments vhich must be fulfilled by blood substitutes are as follows: (1) removal
of the consequences of blood losses by filling the blood circulation system with

- liguis, (2) control of shoek by improving bvlood circulation in the system, (3)

. reduction of the dehydration of the orgenisa and of acute thickening of the blood
(4) control of intoxication, (5) elimination of hypoproteinemia and of debilita-
tion of the organism, (6) stimulation of the resigtance of the organisnm.

Accordingly one must consider the following factors:

1. The expender action of the solutions. This action is determined by the
extent to which the reduced blooad Pressure has been raised, the length of tinme
during which the raised pressure is kept on the level that has been achieved, the
removal of hemodynamic disturbances, and achievement of a stable regtoration of
circulation in the blood vessels,

2. Antishock activity. The antishock effect is evaluated on the basis
of the rapidity with which the subject 15 brought cut of the state of shock and
the stability and length of recovery from shock. The solution must be effective
in elimineting the decompensation of circulation by mobilizing the blood reserves,

thickening of the blood is counteracted while moistening of the tongue gives a
- clinical indication of the hydrating effect. Among other important indexes are
' an inerease in the turgor of the tissues and disappearance of the dryness of the
skin,

L, Detoxifying effect, One speaks of a detoxifying effect in cases when
the injection of blood substitute solution has the purpose of removing en intoxi- l
cation brought about by endogenic polsons or toxic substances formed as a result
of pathological condltions, [intestinal] obstruction, sepsis, ete,

5. Nutrient effect. In zany diseases a disturbance of the protein balance
takes place. On parenteral introduction of fully effective nutrient solutions,
elimination of hypoproteinenia and improvement of the protein metabolism take
place. s

6. Stimulating action. This action is expressed in .the . stimulation
of & number..of orgens and systems. _When the stimulating - action
cf “the .solution, is good, there is improyement of . the metabolism, im-
brovement of the functioning of endocrine glands, and acceleration of regenera-
tion processes. It is very important that blood formation be stimulated by the
blood substitute solution and that rapid restoration of the normal composition
of blood in anemia be assured by this means,
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The better the total effects that are produced by a blood substitute solu-
tion, the higher is the evaluation which nmust be glven to this solution. How-
ever, there are no solutions which would fulfi)l all the therapeutie require~
ments mentioned above t0 an equal degree. For that reason, it is necessgary to
have for practical clinical use solutions which are different in their activity,
We are of the opinion that the most diverse bloog substitutes must be available

In addition to g high effectiveness 4 bloed substitute solution must sat-
isfy the following 24 requirements.

Characteriszticg of" Blood Substitute Solutions

Presence or Absence of
Property of the Elood Characteristic in Good
lio Substitute Solution Blood Substitute Solution
22 ——o® S0_uuion

(2) Therapeutic Properties

1. Blocd substitute effect Excellent
2. Antishock effect Excellent
3. Antidehydration effect Excellent
4, Detoxify ing effect Excellent
5. Rutrient effect Excellent
6. Stirulating efrect Excellent

(b) Physicar Properties

-2

Isotonieit, Excellent

Isooncotic characteristics Excellent

e

(¢) Hamuful Prozerties

&, P&rogenecity Absent

1), Priwvary toxicity Absent

11, Subscquent toxicity Absent

12, Anaphylaetogenic characterist ics Absent

13. Changes produced in the coagulability of

’ the 0lood and occurrence of bleeding fropm

wounds after infusion of the solution Absent,

1, Etffects on the agglutination of erythrocytes
upon mixing of the blood with the solution Absent

15. Prolonged retention of the solution in the organisn Absent

16, Reaction in the form of nausea to rapid iniravenous {
infusicn of the solution Absent
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Presence or Absence of

Property orf the Blood Chzracteristic in Geod
No Substitute Solution Blood Substitute Solution
7. Impossibility of introducing the solution

subcutancously intramusculnrly, or intraossally fbsent

(d) Technological Characteristics

18. Ayailnb;lity of the raw material Plentiful
19, Simpliéity of production Outstanding
23, Uniformity or quality Excellent
2. Stobility 4n storage Excellent
. Suitebility ror arying Excellent
k2. Stubility of charccteristics

alter reveated sterilization Excellent

2k, Cost Very low

The requirenenis ave been Zormulated on tiie basis or the experience ac-
nor of this erticle ang of statements made by a number of au-

/. blool-substitute solution nust first of all have +he Tollowing physical
charzcteristics: 1. It nmust be isotonic with the 0lood or 5lightly hypertonic,
but in no case nynotonic. 2. .5 rap as its oncotic pressure is concerned, the
solution must closely resemble bliood plasma. The dimensions of the nolecules
of the solution must be surficiently great. If the molecular weight of +£he
narticles contained in the solution is lower than 22,000, the solution is not
retained in the circulotion system, because the particles readily penetrate
throuzh the walis or the capillary vessels, Solutions of particles whichhve
a very high molecular welght (above 220,000) are also of inferior value, be-
cause the viscosity of such solutions is too great. The best blood substitute
solutions have a nolecular welght ol 50,000-100,000.

BlooG substitute solutions must not possess the following objectionable
cnaracteristics: 1. The blood substitute solution must not be pyrogenic;
its introduction into the brain of o robbit must not raise the temperature of
the rabbit's body by nmore than 0.5. 2, The solution must not DosSsess 2 pri-
i i.c., on transiusion it must not produce any toxic phenomena
Lounimels or animele vhose blood hes been depleted. 3, After
sions of the solution, no subsequent toxic compliications must
no nathological chances must be nresent in the organs of experimen-
en the Jotter are subjected to histological examination. L. The
Dlood substitute suiution must not exert an anaphylactogenic effect ang re-
peated iniusions ov ter the veriod of meximum sensitization must be borne
tic reactions; intrusion of the solution to animals which
with medicel nreperations (antitetanus serum, :antigan-
ruct rot produce any Symptoms of anaphylaxis; no puencmena
t oceur even alter transfusion of the solution at the clinic
tized by recson of a vathological process (prolon;ed suppurs -

Geeonpanied by cecomposition of the tissues, acute cancer
- Infusion of the solution must have no effect on changes
“tion of the recipient and must bring about bleeding from
wounds. &, On be ‘e with the blood the solution must not oroduce ag-
clutination or nutu coliesion of erytrocytes anéd make more difficult the de-
ternination of Ghe blooe sroun of the patients after transfusion. 7. The

o anephylaxis
TO Wilacnis ¢

cacnexia, cte.).
in the blood con. -
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bloed substitute solution rust bve Tully eliminoted {rom the body wituin the
first fev days avter infusion or utilized by the bedy but not retainecé as =
harmful ballast in tiie tisgues ond orzans for a prolonged period of time, 8.
On  intravenouc administiation the solution nust not brirz ebout nauseo,retch-
ing or vascular reections, which has been hitherto a common proverty of solu-
tions containin: amino acids.

The technolory of »roduction and the conditions and pernissisle length
o stora e rust be eucl that extersive anplication of the colution is possi-
ble. 1In order that theze co nditions be catisfied, the blocd-substitute S0~

Ilution nush S:r" with the folloving reoquirements: 1. Tt must be derived

Tror 2 readily o Ble rov uoterial. 2. The technolopy of its production

nust be no Simp_e 23 vousible. 3. In st sroduction of the solution, the

ceriainty t that a solution or uniform quality ic obtained and that

the 110 ec ool i erced partisles 1s constant in the case of
tio

or. must not undergo any chanres after
Acate under diverse conditions (iov or ni, _h tempere-
ogsible to dry [evaoo*a‘e] the colution Tor prolon-ed
ircbie that no chanzes occur 17 the blosd subs titute
Lo reveated sterilizetion. 7. fn indispensable require-
Wi be rorsivie to inject the solution not only intraven-
remusentarly, svbcutaneously, and intraocssally. 8. The
lucien must be chean and thus be sulteld For transivsions
marize, & 7ood biood substitute solution must sat-
discusced cbove and listed in the table.

cos loddal

Solutions

" drewins up a classification of blood-subst tute solu-

nasy 10 years, beceuse many solutionc were developed
cve clve‘:e proverties and should be used when dif-
indications =re present.

The naj

%o their bioisz:
Petrov, T, . Chur
OuhCT cmv“a"izc

s Ileld classify solutions accordinz
oroperties (A. 4. Bagdesarov, I. R.
vev, Buerkl de la Camp,,Eichholtz).
ty of the solutions. For that reason
ated, to give an example (N. F. Lenu-
3. AL ALonyan). In a number of clasci-
According to the classification by A. 4.
h), 2ll blood substitutes are subdivided
g3 (2) salt solutions; (3) coliofdsl solu-
‘ucoco—sait soiutions, i.e., stimulents; and (5) special

rder of lLenin] Insti-
iood substitute solu-

bs]-lcduloh o:
ood Trnr

tionz aan be gubs

turel vlood substitute solutions: a. Prenarations derived fron
e blood., b. Aetzzo,unous pvotelin preparations,

2. Artificial blood substitute liquids: a. Salt solutions. b. Colloidal-
sezit solutions, c¢. Colloidal solutioas.
. Jnuizhocll liquids: 2. S2it solution antishock liquids. b. Colloidal-
solution ontishocl: Jiquiss.
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(plasma ang serum)
protein solutiong,

the type of dextran ang periston,
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He relegates

substitutes which are brepared from isogenic blood
and to the Second group all the
The thirg 8roup comprises all Synthetic breparations of

different heterogenous

L. R. Petrov subdivides al] Plasma substitutes solutions into the fol-

lowing groups: (1) sait
(3) colloidal solutiong:
taining colloids of animal

of the substanceg mentioned avove,

A simplifieq classification
He subdivides all

solutions; (2) salt
(a) containing colloids of plant origin; (b) con-
origin; and (c) containing bloog components; (4)
solutions of synthetic colloids; ang (5) solutions containing

has been
solutions into (1) natura] blood substitutes which consist

Proposed by P, L. Sel'tsovskiy.

of components of human blood ang (2) artifieia) blood substitutes, i.e.,

mixtures of different
ogenous proteins.,

chemical substances

or colloidal suspensions of heter-

In the classification drawn up by 7. F. Chursine and T, F. Leont’yev,

the homogenous and heterogenous
in one group, which is called
The second &roup includes all
genous blood substitutes,

Polysecharides, and (3) Polyvinyl elcohol in solutions of
blood

cording to thig classification,

§01

utlons of blood components are included
the group of hematogenous blood substituteg,
other solutions, which are called nonhematg-
Second group is subdivideq into (1) solutions

Hydrolyzatin, etc.); (2) sclutions of
crystalloids. Ace

hydrolyzates are honhematogenic bloog

substitutes, which 1s contrary to fact.

We will mention only three classifications out of the numerous systems

Proposed by foreign authors.

(gelatin, cesein,
solutions whieh have an effect

Buerkl de la Camp (Germany) subdivides blood
substitute solutions into three groups;
solutions; (2) solutions containing colloids:
arabic, Polysacharides, polyvinylpyrrolidone.);
treated anima) serum,

(1) isotonie crystallold (salt)

(a) foreign colloids (gum

(b) collotds of animal origin
human serum, and humen plasma); (3)

on the capillaries (Subsidon, rutin).

Ravdin (England) differentiates between four groups of blood substitutes;

(1) blood

substitutes derived from human blood
(2) modifieq proteins (gelatin, protein solutions derived frog
blood); (3) high-molecular carbohydrates (acacia,

hemoglobin);
heterogenous
and (4)

dextran, etc,);

plastics (methylcellulose, polyvinylpyrrolidone).

According to Bell!
Army, one distinguishes
2) plasma expanders,

8 classification,
between (1) blgod
to which all colloidal solutions of

which has been adopted by the yUs
substitutes derived from human blood;
carbohydrates ang

proteins belong; and (3) solutions or erystalloids.

In the majority of the classifications
This can hardly bve tegarded as correct.

are placed in a special group.
S€ems to us that

should be considered as agents used in blood transfusions.

mentioned above, blood component g
substitutes, but
As blood substitutes
contain plasma, serum, erythrocytes, or the

hemoglobin of human blood in itg natural or modifieq state added to a salt solu-
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The purpose of the addition made to the salt solution is to endow the
solution of the erystalloid with colloidal properties.

We regard the following classification of blood substitute solutions as
the most appropriate. According to this classification, all solutions are
subdivided into three groups: (1) salt or crystalloid solutions; (2) col-
loidal solutions; and (3) solutions representing combinations of the above,

Classification of blood substitute solutions

1l. BSalt solutions

a. Ordinary salt solutions

b. Antlshock salt solutions

c. Therapeutically active solutions of crystalloids
2. Colloidal solutions

a. Blood substitute solutions contalning components of human blood:
Petrov's liquid, Serotransfusin (TsOLIPK), salt solutions containing dry
plasma (LIPK), modified globin (UsA), hemoglobin solution (German), Amino-
krovin (LIPK).

b. Carbohydrate colloidal blood substitute solutions: (1) solu-
tions of the dextran group: Macrodex, Introdex, Expandex, USA dextran, Onco-
tin, Polyglyukin (TsOLIPK), Sinkol (LIPK); (2) AP solution (LIPK; Naval Medical
Academy), pectin solutions, citrus pectins, Lifshits' Stimulen solution.

¢. Blood substitutes of the Synthetic chemicals group (synthetic poly-
mers): (1) solutions of methyl cellulose; (2) solutions of polyvinyl alcohol;
solutions of polyvinylpyrrolidone: periston (German), Plasmosan (British),
Polyvidon (USA), Sk (LIPKX), polyvinylpyrrolidone solution (TsOLIPK).

d. Blood substitutes which have a pharmacadynamic effect (i.e.,
those which exert an sction on the capillary blood vessels): Subsidon (German),
Adrenoxyl (Swiss).

€. Blood substitute solutions derived from proteins: (1) modified
heteroproteins: Naprin (Leont'yev), colloidal infusin (TsOLIPK), Belen'kiy's
therapeutic serunm, heterogenous plesma (PH-British), plasma of animals which
has been mede nonspecific (Spanish); denatured plasna (Czechoslovak), Adequan
(German), BK-8 (Kiev Institute of Blood Transfusion), nonanaphylactogenic
serum 5-24 (Fedorov), TsOLIPK protein solutions (vasil'yev), K5-120 (LIPK),
Parenterin (Belen'kiy); (2) hydrolizates: Amigen (USA casein hydrolizate),
L-103 (LIPK), Aminol (LIPK), Aminopeptide (Military Medical Acedemy), casein
hydrolyzate (TsOLIPK), Aminorastin (LIPK); (3) blood substitute solutions de-
rived from gelatin: liquid gelatin, 6% solution, Plasmogel (USA), Oxypoly-
gelatin (USA), MGG (USA), fish gelatin; (4) blood substitute solutions derived
from plant proteins (e.g. Biorastin LIPK).

3. Solutions containing several ingredients. Antishock colloidel solu-
tions (PsOLIPK, Grozdov); Akopyan antishock liquid; colloidal solutions to which
amino acids have been added (USA): Aminoprotein (1-103 plus human plasma); UBP
(LIPK); Colloidal Protein solution (1-103 + Sinkol); & periston solution with
erytrocytic mass (German); Belyakov and Petrov's antishock solution; antishock
solutions combined with blood (LIPK No 28).

Sanitized opy Approved for Release 2011/07/08 : CIA-RDP80-00809A000700250112-8
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All salt solutions are divided into three subgroups: () ordinary salt ..
solutions or salt solutions containing glucose; (2) antishock solutions con- i,

taining enesthetics which exert an action on the nervous system; and (3) |ﬁ;
complex salt solutions, i.e., therapeutic solutions for the treatment of sepsis Wy .
or other pathological conditions, & A
L) T

Colloidal solutions are subdivided into five subgroups: (1) blood sub- R
stitute solutions which contain components of human blood; (2) carbohydrate o 3
colloidal blood substitute solutions; (3) blood substitute solutions whieh § J
contain synthetie polymers; (4) blood substitute solutions which exert an 2 :
action on the capillary vessels (pharmocodynamically active blood substitute L
solutions); and (5) blooq substitute solutions derived from proteins. | S

Solutions containing severa} ingredients aye obtained by combining solu-
tions which have different broperties and adding to them certain drugs, To
this group belong antishock solutions to which blood has been added, the anti-
shoek colloidal solutlons developed by TsOLIPK, hydrolyzates to which human
plesma has been added, and the UBp solution developed by LIPK, which is &
carbohydrate-protein plasma expander consisting of Sinkol to which components
of humsn blogd have been added.

In our opinion, gne must produce on a mags scale salt and colloidal solu-
tions for clinical use while solutions containing several ingredients are best
prepared immediately before use by combining standarg solutions and adding the
drugs to them. We will now discuss each group in detail,

5. 1. 321t or Crystalloid Blood Substitute Solutions

As late as 10-15 years age ordinary salt solutions and glucose-salt
solutions (first subgroup) were the most widely used blood substitutes undey
clinical conditions. At bresent, these solutions are losing their importance
to an increasing extent. As can be seen from the clessifications that have been
dravn up, some authors do not regard them as blood substitutes at all (. F.
Chursina and I. F. Leont'yev).

This attitude tovards crystalloiqd solutions has developed because of
their insufficient 2ffectiveness in the treatment of conditions following blood
losses and of shock. Nevertheless, as has already been stated above, the func-
tion to be fullilled by the solution is not merely one of raising the blood
Pressure and keeping it at the necessary level after it has dropped subsequently
to a blood loss or shock. It is true that the salt solutions do not fulfil) this
function in a satisfactory manner. However, one must keep 1n mind that when salt
solutions or glucose-sait solutions are administered slowly by the drip method,
they muay “upport all vital functions éven in a body which has been subjected to
& severe bLlood loss (purticulurly if balanced salt solutions are used). A. A,
Bubzkiy reported on good results achieved by the therapy of acute blood losses with ‘
a solution (MM 4) prepared from sea water.

One must agree with I. R, Petrov that salt solutions containing a hyper-
tonic concentration of sodium ¢hloride are most effective for the treatment of the
consequences of blood lusses and of shock. The reason for this is that solutions
of this type have o &greut capacity of bringing sbout reflex spasms and of nobiliz-
ing blood reserves, thusstimulating the vascular chemoreceptors. By reason of their
high osmotic pressure in comparison with isotoniec solutions, hypertonic solutions
bring about Penetration of tissue liquids into the vaseular system, so that more
prolonged cetion of the solution is assureq, Among solutions of this type, the
No 3 solution of the Leningrad Institute of Blood Transfusion has been tested on the
most extensive scale in World War II. I
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A great number of selt blood substitutes hag been proposed, The
most important of them have been mentioned in the classification scheme out-
lined above. In the opinion of N. N. Yelanskiy, the effectiveness of a1l
salt solutions ig approximately the same,

A great number of antishock galt solutions (eecond subgroup) hag also
been proposed (5. a. Akopyan, A. F. Lepukaln, M, 4, Bubnov, D. M, Grozdov,
P. L. Sel'tsovskiy, and N. A. Fedorov)., Some of them were extensively used
during World War IT. This appliesg to Akopyan's liguid, P. L. Sel'tsovskiy's
liquid, the alcohol-bromoglucose liguid of 1, R. Petrov, V. I. Popov's liquiq,
A. N. Filatov's solutions No 28 apg No 43, ete. A1l of these solutions differ
in that they ¢
e inhibition o

this purpose.

A third subgroup of crysta
solutions which contain drugs that
effect in various diseases. 4. D,
Blood Transfusion alts, antiseptics B
and antibiotics, very effective in the therapy of sup-
purative infection ns.

Adthough salt
solutiong,

cause sclutions of this t
intoxication, sepsis, and

degree of severity.

mininstration of more complex blood substitutes and blood t
oadvantage of thege solutions consistg in the fact that they
any medical institution from readily available drugs,

2. Colloidal Blood Substitutes

Solutions which contain molecules of g relatively larger size and ap-
proach blood as far ag their colloidal cheracteristics and viseosity are con.
del blood substitute solutiong. While cerystalloid
tion for no longer than 2-3 hours,
T tine, {.e., in ex-

The first subgroup of colloida
contuin components of human blood.
consist egsentially of ordinary galt go
Serum, or human blood have been added. TIn these solutions,
blood serve mainly the burpose of endowing the solution with
The effectiveness of such solutions ig much superior to that
tions. Anong solutions of thig type one must first of all me
liquid, a galt solution pre
Preserved blood. I
ng to a prescription by N. A. Fedorov and Pp. S. Vasil'-
This golution consists of salt Infusin to which 20% of human serum have been
As 15 well known, Petrov's liquid was extensively uged during World War IT.
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Instead of liquid plasma,
This is of obvious advantage, becay
before use, Since one may store fo

dry plasme can be added to the solution.
se the solution can be prepared Immediately

T & long period the salt solution and dry
Plasma separately, such solutions present great advantages as compared with

Serotransfusin and similar blood substitutes. Experimental work done by I, R.
Petrov and N. V. Nekrasova has demonstrated the high effectiveness of such solu-

tions in the therapy of the consequences of blood losses, Clinical observations
Romanova have demonstrated the high effectiveness of

by A. N. Filatov and A, M.,
solutions of dry plasma whe T the prophylaxis and therapy of
shock. Solutions to which hemoglobin has been added are described in scientific
publications (Amberson, Throver, Campbell, Koop), but for all practical purposes
have not been used hitherto. The shortcoming of these solutions is that hemo-
globin during storage is changed into the inactive methemoglobin, which is harm-
ful to the organisnm. Work by I. g. /ndrianova has demonstrated that this short-
coming can be eliminated: she obtained stable breparations of hemoglobin, One
may, under the circumstunces, regard as useful further work on hemoglobin solu-

- tions.

Solutions prepared trom treated human
widely into practical use. Among them are prep.

and albumin which are used abroad (strumia, Chorhock, Blake, Harr). When human
blood that can be used as such is utilized for the breparation of such solutions,

this procedure is difficult to Justify. It 15 a different matter if the solution
is prepared from residues of blood t

hat have not been useq or blood which hasg
been salvaged. Ope of the solutions of this type is Aminokrovin {Z. a. Chaply-
gina) which has
fusion.

blood are being introduced more
arations of modified globulin

mains after the decantation of plasma from the blood of corpses, and other un-
used human blood. 5

and is suitable on the basis of a

A second subgroup of colloidal blo
solutions of carbohydrates. Solutions of t
colloidal blood expanders.

od substitutes consists of colloidal
his type are referred to abroad as

They are used extensively in all countries and deserve a considerable
amount of attention.

The first solutions of this sub,
proposed by Bayliss as early as L0

Y as

group were the acacia gum solutions

JEArs &go. A considerable number of publica-
tions is devoted to solutions of this type. However, they have not been intro-

duced into use on a large scale because of a number of drawbacks comprising in-
sufficient effectiveness, frequent reaqﬂions and complications upon administration
to the patient, difficulties in puriffng them, ete., (Amberson, Holl). In the
USSR literature, there are only individfial communications on the subject of these
solutions (N. p. Peruwnova). This ;s_dnderstandable, because the rav material for
the production of this type of sq?ﬁtion is not being produced in the USSR.

Recently, 2. M. Umanskiy, M. I, Ol 'shanskiy, and M. L. Frimerman pro-
posed that colloidel blood substitutes be brepared from apricot gun (gum armenial ).
A 0.5% solution of this gum combined with selts, which has been named Guasol by
the authors mentioned above, proved to be an effective blood substitute
mental work on dogs. A final Judgment in regard to this solution is Premature,
because only a small number of experimental observations has been made.
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Solutions of substances of the dextran type undoubtedly occupy a lead-
ing place at present emong colloidal blood substitute solutions,

Dextran is a water-soluble, high-molecular polysachharide, the syn-
thesis of which is effected by bacteria. When grown on media that contain
suger, bucteria of the Leuconostoc type form; 2 slime vhich consists of a
volymer of glucose. This is dextran. Naturzl dextran has e very high mole-
cular weight amounting to several million and 1s not suitable for infusion.
Gounwal and Ingelmen vere the first who became interested in using dextran as
& blood substitute. By subjecting the dextran to acld hydrolysis followed by
purification and fractionation, one may obtain from it an excellent blood sub-
stitute which has en idesl moleculuer weight within the renge of 50,000-1.00,000.

Blood substitute dextren solutions have been prepared in many countries.
They were originally produced in Sueden in 1943. The experience of Svwedish
physicians now comprises 40,000 cases in which dextran solutions have been ad-
ministered (Thorsen). A number of different names is used by different companies
for dextran solutions. They are being distributed under the names Macrodex
(Sueden), Introdex (Englend), dextran, Microse, Plevolex, Expandex (US), ete.,
(Klausendorf, Gelin). The extensive literatire which exlsts on the subject is
rilled with enthusiastic evaluations of the pesults obtalned with the use of dex-
tran solutions. The high effectiveness of snlutions of dextran upon administra-
tion subsequently to blood losses, extensive jurns, and intoxicetion has been
proven (Bowmen, Dieckhoff and Bloom, Gelin, Himerstein, Heller, Ebert, Johnston,
Turner, Butler, Rosenquist, Thorsen, Tarrow, ey al.

/ Al

One of the druwbucks of solutions ff thls type is the lengthening of
the time of blood coagulation, so that inerensed bleeding from wounds may be
produced. A heightened agglutinability of ¢rythrocytes after infusion of dextran
solutions has also been noted, an effect whish is of no great importance, except
thet it must be teken into consideration in determining the blood group of patients
vho have just received sn infusion of a sojution of thig type. There are also
indications that upon repeated introductigK of large doses of solutions of this
type, chonges in the perenchymaZous orgery are possible and dextran may be deposited
in them (Hurtmen, Millican, et al). Teliug @1l this into conglderation, many au-
thors suggest that no more than 600 millijiters of the solution be administered.
In cases vhere an acute blood loss has tnken place, it 15 recommended under all
clreumstonces to supnlement the infusion’of the dextran solution with a blood
trensiusion (Bloem, Fleming end Cerezillj Horvath and Hamilton, Carbone, Turth,
Scott and Crosby, Nelson and Lusky, ang others. )

In the USSR two solutions of Lhe dextran type have been produced: one
ul TuOLIPK under the neme of Polyglyu@&n and one at LIPK under the name of Sinkol.

In order to prepare these solutions), Soviet investigators (A. P. Vish-
neyakov end R. M. Shereshevskaya, T. A. quéova, and K. M. Dvolaytskaya - Barysheva
end G. 5. Sel'tsovskeys) had to accomplish fixtensive work on the biological synthe-
5is o dextran. Highly productive bacterig QF the Leuconostoc group were isolated
and their properties subjected to study. \

\y
The Poliglyukin solution, o dextran prpparation developed at TsQLIPK

{G. Ya Rozenberg, G. V. Polushina, R. A. Rutberf, V. A. Agranenko, and R. I.
Hurayan), was investigated in animal experimentsfand found to exhibit a high
hemodynamic activity. Clinical cbservatlions estaylished that Polyglyukin prepared
from soluble dextran does not produce any reactlong in patients even vhen adminis-
tered in doses up to one liter. At present, one off the Moscow chemicophermaceu-
tical plants have been entrusted with the productidy of this blood substitute. It
is to be expected that Polyglyukin will soon be supblied to medical institutions.

{
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The solution developed by the Leningrag Institute of Bloog Transfusion,
i.e., Sinkol (a. p. Vishnyakov, R. M. Shereshevskaya, T. A. Krotova, I, R, Petrov,
and V. 4, Bondina) hag been subjected tg g thorough experimental investigation
(. R. Petrov, V. A. Bondipa and V. K, Keuwlagin). Tt has peen also subjected to
tests in practica] clinical work (B, 1, Chernomordik, A, r. Goshkina). It wag
established that sinkol is very effective in that 1t restores vietims who suffer
from consequences of shgek and heavy blood losses. It also controls intoxication

the administration of Sinkol with a bloocd transfusigp, At present the broduction
of Sinkol on a large scale 1ig being organized at the Leningrad Chemicopharmaceu-
tical plant » 50 thet this preparation wil) 8o0n be available for extensive clinical
tests. L)

Another ecolioidal blood substitute derived from carbohydretes ig the AP
solution whish has been subjected to experimenta] investigation at the Blood Sup-
stitute La‘boratory of the Lenfngraq Institute of Blood Transfusion (L. G. Bogomo-
lova, I, R. Petrov, 2. A. chapygina). The AP solution ig g Plasma expander which
does not broduce any reactions. It 14 obtained from very cheap carbohydrate ray R
material (potato staren and corn starch), Just 1ike dextran, the substance con- -t -
tained in thig solution 1s g colloidal polysaccharide. The favorable character-
istics of the ap solution, which brought aboyt with certainty the recovery of

citrus fruit, Pectin solutions also proved very effectlve in the therapy of shoek
and the consequences of bliocod losses (Eartmau, Jacobson, Smyth, Scheling, ang
. Harkins), The Problem in regard to the retention of Pectins in the organism hag
4, .~ DOt yet been solved. OQne of the drawbacks of Dectin solutions is their inadequate
" physical stability in heat sterilization.

It is probable that the preparation which has been named Stimulen ang
Proposed by Lifshitg is a blood substitute solution of this type (M. N. Lifshits
and Ye. g. Tsurinova),

solutions ag yet. Only quite recentliy research op this subject has been initiateq
at the Leningrad Institute or Blood Transfusion.

The subgroup of blood substitutes consisting of synthetic Polymers cen be
subdivided as follows: (1) methylcelluloge solutions; (2) solutiong of polyvinyl
alcohol; ang (3) polyvinylpyrollidone solutions,

(Steuper). The data which have been obtained are contradictory. Because of the
slmplicity of breparation, stability in sterilization, absence of antigenic Proper-~
ties, and a high molecular weight resulting in good colloidal Properties, these
solutions have been found of advantage. On the other hend, the infusion of nethyl. J
cellulose solutions was found to prolong the period of blood coegulation ang expedite
the sedimentation of erythrocytes. These are effects which are observed after the

¥ -12 -
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Doubts have also arisen on the score
ose and the chance that its retention
Further experimental and clinical
ive at a final decision in regard to
lutions (T. F. Chursina and I. F. Leont 'yev. )

Y1 alcohol have been used with great success in
alleviation of consequences of blood losses both
d at the clinic. Just like other colloigdal
yvinyl alcohol has the advantage of being re-
vascular system of the Teclpient. Experiments

f animals yag overloaded with prolyvinyl alcohol
& possibility of the formation of harnful de-
For that reason, one should
lutions in small quentities only (up to one

me; ration of a single dose

utions have received more attention than any
tes. Polyvinylpyrrolidone is a product of
A 2.5% solution of Polyvinylpyrroli-
originally epplied as a blood substitute
ion receiveq the name of Periston there. In
1lidone solutions have been introduced in other

e was
ut

arried cut on polyvinylpyrrolidone demonstrated
hen cdministered subsequently ty sheck or blood
on the whole do not stand this
¢ should use other experimental animals rath
Mzlhevbe, Velss), At precent, Dpolyvinylpyrrolidone
wder different names, such as Polydon, Polyvi-
Manden, Stanchem, Throver ang Campbell). These
her in regard to the composition of the salt mix-
yrrolidone is dissolved end also as far as the mole-
is concerned. 11 these solutions, particularly
0 thousand: of clinical cases It was established
in traumes shock, subsequently to blood losses,
intoxi:at-on;, and in a numnber of severe surgical

er than

which are foreign to the

7 @ccumulate in the organs

a long time (Steele, ven Slyke,
d by breparing a soiution with
moleculer weipght i the range of 20,000~
y1lvyrrolidone vhich hzve been prepared in this manner
and exhibit only the positive characteristics of
Stehiman, Morwy, Reinhold, Ravin, Selignan,

ar collolds
vack that it ma

1ol
he ¢raw
-ained there ror
nay ve eliminate

3

ack

Ybe vas subjected to experimental tests on animals
Blood Transfusion in 1951. fThig solution was nsmed
L. G. Bogomolova, I. R. Petrov, z. A. Cheplygina ).
he Institute of High-Molecular Compounds, Academy
ov, L. V. Davidenkova). The erfectiveness of gy
consequences ol blood losses was found to be good
observed after their infusion. Because of the dif-
WaG not possible to organize the produc-
sufficient Quantity for clinieal investigation

o
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Cooperation between the Laboratory of Vinyl Compounds, Institrie of
Organic Chemistry of the Acadeny of Scienceg USSR, and the Luboratory ..

P Physical Chémistry of TsOLIPK has resulted in the determination of conditions
under which preparaticns of polyvinylpyrrolidone having different molecular
velghts can be obtained (M. s. Shostaekovskiy, P. S. Vasil'yev, F. P. Sidel'-
kovskaya, and Ye. S. Morgunova)., The blood substitute solution which has been
developed proved to be very effective in controlling the effects of lethal
blood losses. It raised effectively and sustained for a long time at the raised
level the initially lowvered blood pressure of experimentel animels (V. B. Koziner,
. G. Zelenskaya). ‘ork vith this blood substitute must definicely be continued,

The subgroup of pharmacodynamically active blood substitutes comprises
mainly solutions ukich act on the capillary blood vessels. Their infusion brings
about contraction of the capillaries, so that the transfer of liquid out of the
blood circulation system is impeded. Preparations of this type are Subsidon and
Adrenoxyl (Lang, Heymans, and Cherlier). One cannot as yet arrive at a definite
conclusion in regard to the value of solutions of this type. However, the pos-

- sibility of using the underlying ideas in the Preparation of new blood substitutes
should not be overlooked., One must first of ell subject to investigation solu-
tions containing rutin.

As far as blood substitute solutions derived rrom proteins are concerned,
auch attention has been paid to thosc derived from heterogenous proteins.

The problem of using heterogenous proteins was originally investigated
by I. F. Lcont'yev. The solution of Haprin (nonensigenic protein), which he Dro-
rosed as early as 1235, is the first prepzration of this type. Subsequently,
useful suggestions hove been mee by Lungenhager in regard to the elimination of
the eaaphylactoger properties of heterogenous prcteins by the thermel treatment
of 2 solution of dry ssrun.

begun at the Leningrad Institue of
W. Filatov). Hork in thls field Was ex-
21e uiter catile serum treated with form-

nunded 5
~%ouzzd for the prepuration of cuch colutions (Edwards).

Infusin was developed ut the Central
Fedcrow, P. . Vesil ev). Colloidal
cd from cascin vhich hag been freed

i and cliiniczl inve tication of thig
cd 1Ue high efloe G oag o blood substitute. Tt proved
clment of the b sroveinenin which develops subsequently to

tic conditions (Ka. i, Vicdos). Vork cerried out by V. il
ey o conlivned Lhe effectivencss of Colloidal Infusin. At the seme tiue,
thisz work showed that Colloidal Infusin is not fully devoid of toxicity anu ano-
byl aetsaenic choaras ristics. York on this solution must be considerably expanded.

STTIRCS

+ o
0

O greal importance in developnents pertaining to blood substitutes was
vorzg by L@, Belen'kiy, who vroposed in 19hS the pesicz-nonspecific serum.

Subsequently it was foungd aecessary o change the name of the preparc-
tion, becsuse the specles characteristics of the heterogenous proteins uzed in
this serum could not be completely climinated. In accordance vith the decision
of the Scientilic Council, this preparatior is now referred to as %he therapeutic
serum prepared according to ¥. G. Belen'lkiy's vrocedure (LSB). There have been
considerable differences of opinion during recent years in regord to the advan-
tager and snorteorings of L3B. M1 those who have applied LSB uve in egreement
that the therapeutic effectiveness of the »reparation is good and that it cen be
successfully used in the therapy of shock, consequences of blood losses, debilito-
“lon, intoxications, dehydration, burns, and o number of other conditions and 4
dizeuses (D, 4, Arapov, K. S. Simonyan, F. G. Uglov, N. I. Blinov, H. N. Milostanov,
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M. I. Chernenko, ang others), However, many authors indicete that no
ing the advantages of this Serum, one must Tecognize that reactions
to the acute anaphylactie may arise upon infusion of LSB (2. F. Saks
Severov and F. 4. Yuzefovich, I, . Zaretskiy, 1. v. Tatkelo and v,
P. K. D'yachenko, A. N. Filatov, N. L. Garfunkel', angd I.. A. Danilov:

twithstand-

T. Ramazyan, : s
a). Z‘; N
LER ]
In view of the fact that Lsp 1s not devoid of anaphylactogenic proper-
ties, the fact that reactions arise after itg use is completely understandabje.

During recent Years, N. G. Belen'k
logical brocedures for the pProduction for LSB and succeeded in reducing the
deficiencies of this breparation, Hovever, he has not as yet succeeded ip malkdi,
the preparation completely safe (L. w. Pushkar' ang 4. I. Tarakanov). fThe task
which must be accompl

ished conmsists in further work 021 the improvement of the
technology of the broduction of LSB with the view of

lompletely eliminating a1]
shortcomings of thig Preparation.

1y changed to some extent the techno.

Other solutions of this type, i.e.

ponent is denatureq heterogenous protein, include th. Neophylactogeuic Serum
5-2k and the protein solutions developed by TsOLKP, e px-B serum of the Kiey
Institute of Blood Transfusion, the German Adequan, ;e British heterogenous
plasma (PH), the Spanisn animel plasma which has bee: rendereq nonspecific, the
Czechoslovak denatured plesma, the KS-120 solution o/ the Leningrag Institute
of Blood Transfusion,

- R. Vasil' rey et al., N. A. Fedorov,
N. G. Belen'kiy, 1. q. Bogomolova, V. A, Belitser, ¥ 1

1. Katkova, T, K. Gnedash,
A E. Chernyavskiy ang 4. F. Cheremukhin, D, p. Groz «v, A. 4. Fedorovskiy et al.,
Lewis, Melke Siebert, anq I, aglehardt)

» solution; in which the active con-

in the breparation of map
which the proteins are 5
twes is resorted to. Hovever, this treatment does . ¢ wholly eliminate the
astigenic properties of the heterogencus protveins, s that the method in question
cannot be regerded ag Dromising fBing, Bosser, Large, , Niessen, Hoet, ang others).

Y of these blood &
ubjected to the action of fo

sultutes, treatment in
vialin and of high tempera-

A flaal cenelusion ir regard to th
vill be pussible OmLy at a later g
to Mriher and mere extencivy.

iy
With the arindion of one ap +

€ value of
tage, after the b,
? elinical tests,

a

“eparations of this type
- *atlons have been subjected
At preiomt, one cannot but agree
L2 Germar authors (Grueni ) who stated ir regard to
q. whoioh iq highly vraised in cermany: "Megury does 7ot represent the wl-
Aevelopment. further seuren for new proteir. toid substituteg solutions
usary, "

TaLn

i5 nece

Le

Lely considernvic ottent
hyd:alyzazes ag blood substitutes,

ion hag been paid to e epplication of protein
Many solutions of p..tein hydrolyzateg are
already available, Some of them have been developed abroig (Amigen, ete. ), vhile
othere have been developed in the USSR. Two solutions o thig type which are sup-
plied ready for use have been developed at the Leningrad nstitute of Bloog Trans-
fusion. (Cne of them s the L-103 solution, which repres: 5 an incompletely hydro-
lyzed product of animal biood treated with acid, Anothe- solution of the Leningrad
Institute or Blood Transfusion is also a protein hydroly te. This solution has
been named Aminol, and iz obtained by subjecting animal *Lo0d to enzymatic hydrolysis
I. G. Andrianova), The erzymatic hydrolysis ig effecte. by means of swine pancreas.
Aminopeptide ig aleo an enzymatio hydrolyzate. The hydr., izate developed at TsOLIPK
1s a product of the acid hydrolysig of casein. Because - the efficient technolog-
ical procedure used for the Dreparation of thig hydrolyr>.e a1 essential aming
acids are fully retained in it, just as they are in the «1d hydrolyzate solution
L-103. N. a. Fedorev and v. v, L'vova have subjected t, investigation parenteral
nutrition wi 1yzetes developed by Ts#.IPK and LIPK (L-103).
They found under experimental conditions that both solu.'ons have very good nutri-
tional properties and are well assimilateq by an org

anii: in the state of starvation.
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Mixed solutions can be prepared immediately before their administra-
tion. For that reason it is of importance from the practical standpoint to
have & supply of standard solutions which can be combined prior to use.

In conclusion one may state that extensive sclentific research work
on blood expanders has been carried out in the USSR during recent years.
Soviet scientists have already developed a great number of new blood substitute
solutions at the present stage. In the near future, production on a large scale
of the most effective of them will begin.
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